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x WKHYHULILFDWLRQRI UHOLDELOLW\HJFRQFHUQLQJVHLVPLFHIIHFWVDQG LQFUHDVHG ORDGUHTXLUHGE\VWDWHDJHQFLHV
LQVXUDQFHFRPSDQLHVRZQHUHWF  
x GHWHFWLRQRIGDPDJHGVWUXFWXUHHIIHFWVWKHORDGGHSHQGHQWRQWKHWLPHHJFRUURVLRQIDWLJXHRUH[WUHPHORDG
*LYHQ WKH GLYHUVLW\ REMHFWLYHV RI WKH HYDOXDWLRQ RI WKH FRQVWUXFWLRQ WHFKQRORJLHV DQG PDWHULDOV WKHUH LV QR
VSHFLILFJXLGDQFHRQVWUXFWXUHDVVHVVPHQW(QJLQHHULQJH[SHULHQFHSUDFWLFDOH[SHULHQFHDQGFRQVXOWDWLRQZLWK WKH
RZQHURIWKHFRQWHQWDQGVFRSHRIRXWSXWDUHDQHFHVVLW\IRUWKHSURSHUPHWKRGRORJ\(YDOXDWLRQEHJLQVZLWKDWRXU
RI WKH EXLOGLQJ DQG GRFXPHQWDWLRQ VWXG\ ,Q WKH HYHQW RI DQ\ XQFHUWDLQW\ FRQFHUQLQJ WKH HIIHFWV RI ORDG
FKDUDFWHULVWLFVRIWKHVWUXFWXUHRUWKHPDWHULDOVSURFHHGWRWKHGHWDLOHGHYDOXDWLRQ,WLVQHFHVVDU\WRWDNHLQWRDFFRXQW
WKHHIIHFWVRISK\VLFDOFKHPLFDORUELRORJLFDOQDWXUHWKDWPD\DIIHFWWKHSURSHUWLHVRIPDWHULDOV,QWKHVWDWLFDQDO\VLV
UHVLVWDQFH WHVW WKH FXUUHQW VWDWH RI WKH VWUXFWXUH DQG SURSHUWLHV RI FRUHPDWHULDOV DUH DSSOLHG 7R DFKLHYH WKLV D
GLDJQRVWLFWHVWPXVWEHUXQLQWKHGHVLUHGUDQJH
'LDJQRVLV LV D VHW RI DFWLYLWLHV WKDW KDYH WR EH FDUULHG RXW VKRXOG DFFXUDF\ DQG H[SDQVLRQ RI WKH LQIRUPDWLRQ
GHULYHG IURP WKH GRFXPHQWDWLRQ DQG LQVSHFWLRQ RI WKH EXLOGLQJ EH DFKLHYHG 7KLV LV XVHG WR YHULI\ SURSHUWLHV RI
PDWHULDOV LGHQWLILFDWLRQ FODVVLILFDWLRQ DQG TXDQWLILFDWLRQ RI HUURUV DQG IDLOXUHV ,W LV LPSRUWDQW QRW RQO\ WR PDS
FRPSOH[GLVRUGHUVEXWDOVRWRSUHGLFWWKHLUGHYHORSPHQWLQWLPHý61'LDJQRVWLFPHWKRGVXVHGWRVXUYH\
UHLQIRUFHGFRQFUHWHVWUXFWXUHVFDQEHGLYLGHGLQWRILYHPDLQJURXSV
x YLVXDOPHWKRGV  
x PHWKRGVIRUGHWHUPLQLQJWKHSK\VLFDOSURSHUWLHVRIFRQFUHWHDQGVWHHO  
x PHWKRGVIRUGHWHUPLQLQJWKHGHJUHHRIFRUURVLRQGLVUXSWLRQRIFRQFUHWHDQGVWHHO  
x PHWKRGVIRUGHWHUPLQLQJWKHSRVLWLRQRIUHLQIRUFHPHQW
x ORDGWHVWVWUXFWXUHVUHVSHFWLYHO\PHWKRGVRIUHJLVWHULQJLPPHGLDWHUHVSRQVHRIWKHVWUXFWXUHWRDFKLHYHG
VWDWLFVRUG\QDPLFORDGV
$VVHVVLQJ VWUXFWXUHV DUH ILUVW VXEMHFWHG WR D WKRURXJKYLVXDO LQVSHFWLRQ WKDW FRQWURO WKHJHRPHWULF VKDSHRI WKH
VWUXFWXUDOHOHPHQWVDQGWKHQILQGVIDXOWORFDOL]DWLRQRFFXUVDWWKHVXUIDFHRIWKHVWUXFWXUH/LNHV\PSWRPVGXULQJWKH
GLVRUGHUXVXDOO\LGHQWLI\GHYLDWLRQVIURPWKHRULJLQDOVWDWHEURNHQRUDSRVWDWHOD\HUVWUDFHVRIFRUURVLRQZHWSODFHV
FUHDWLRQDQGGHYHORSPHQWRIFUDFNVHWF)DLOXUHGHWHFWLRQHDVLHUH[SHUWLVHDQGNQRZOHGJHVXSSRUWV\VWHP
9LVXDOLQVSHFWLRQLVDQHVVHQWLDOILUVWVWHSLQDQ\VXUYH\WKURXJKZKLFKWLPHO\DQGLQH[SHQVLYHO\GHWHFWIDXOWVFDQ
EH GHWHFWHG HYHQ LQ WKH HDUOLHVW VWDJH 7KH HTXLSPHQW QHHGHG IRU YLVXDO LQVSHFWLRQ LQFOXGH OLJKWLQJ HTXLSPHQW
FDPHUD ELQRFXODUV DQG SUHFLVLRQPHDVXULQJ WRROV:KHQ DPRUH GHWDLOHG H[DPLQDWLRQ LV QHFHVVDU\ DPDJQLI\LQJ
OHQVFUDFNVZLGWKPHWHUVLQFOLQRPHWHUVHWFDUHXVHG9LVXDOPHWKRGVLQFOXGHVXUYH\LQJPHWKRGVZKLFKDUHEDVHG
RQYDULRXVSK\VLFDOSULQFLSOHVSKRWRJUDPPHWU\ODVHUPDFKLQHVHWF
'XULQJYLVXDO LQVSHFWLRQRWKHU VHQVHV±KHDULQJ WRXFKDQGVPHOO DUH DOVRFRQVLGHUHG+HDULQJ±ZKHQ WDSSHG
DFRXVWLF ILQGLQJVFRXOG LQGLFDWHKROORZQHVVRUGDPDJHG OD\HU7RXFKLQJ± WKHTXDOLW\RI WKH VXUIDFH OD\HUFDQEH
GHWHUPLQHG±XQHYHQ VXUIDFHRU HYHQGDPSQHVV6PHOO± FDQGHWHFW WKHHIIHFWVRI FKHPLFDO HURVLRQ LIQHFHVVDU\
KXPLGLW\ 6PHOO FDQ FDSWXUH WKH HIIHFW RI FKHPLFDO FRUURVLRQ HJ VXOSKDWH UHVSHFWLYHO\ SXWULG SURFHVVHV RI
ELRORJLFDOFRUURVLRQRIFRQFUHWH
7RGLDJQRVHWKHSURSHUWLHVRIWKHPDWHULDOVGHVWUXFWLYHDQGQRQGHVWUXFWLYHPHWKRGVDUHDSSOLHG
7KHVH PHWKRGV KHOS GHWHUPLQH WUDFNLQJ IHDWXUHV ZLWKRXW H[WHQVLYH GDPDJH WR WKH EXLOGLQJPDWHULDO RU WR WKH
FRQVWUXFWLRQ LWVHOI7KHLU DGYDQWDJH LV WKDW WKH\ DOORZ VHYHUDO WLPHV RIPHDVXUHPHQW DW WKH VDPH ORFDWLRQ UHFRUG
FKDQJHV RYHU WLPH DQG VWDWLVWLFDO HYDOXDWLRQ 7KH IXQGDPHQWDO GUDZEDFN RI WKLV PHWKRG OLHV LQ WKH IDFW WKDW D
JXLGHOLQHFKDUDFWHULVWLFLVPHDVXUHGZKLFKLVUHODWHGWRWKHGHVLUHGFKDUDFWHULVWLFV0RGHUQQRQGHVWUXFWLYHPHWKRGV
EDVHGRQFRPSXWHU WHFKQRORJ\FDQVLJQLILFDQWO\VLPSOLI\WKHH[HFXWLRQRI WKHVHWHVWV7KHLU LQWHUSUHWDWLRQUHTXLUHV
ZLGHVSUHDGHQJLQHHULQJNQRZOHGJHDQGNQRZOHGJHRIEDVLFSK\VLFVDQGFKHPLVWU\WRDYRLGLQFRUUHFWHYDOXDWLRQ
'HVWUXFWLYHPHWKRGVDUHDSSOLHGZKHUHWKHQRQGHVWUXFWLYHPHWKRGVDUHQRWDSSOLFDEOHWRDFKLHYHWRWKHGHVLUHG
JRDO RU ZKHUH SUHFLVH WHVWLQJ RI WKH GHVLUHG FKDUDFWHULVWLFV DUH UHTXLUHG 9HU\ RIWHQ D VXLWDEOH FRPELQDWLRQ RI
GHVWUXFWLYH DQG QRQGHVWUXFWLYH PHWKRGV DUH DSSOLHG DV XVLQJ GHVWUXFWLYH PHWKRGV HQDEOHV D SUHFLVH RI JHQHUDO
FDOLEUDWLRQUHODWLRQVKLSVRIQRQGHVWUXFWLYHPHWKRGV
$VSHFLILFJURXSRIVWUXFWXUHVRIEULGJHFRQVWUXFWLRQV7KHEDVLFIHDWXUHRIDEULGJHFRQVWUXFWLRQLVWKHDELOLW\WR
HQVXUH WUDIILF ORDG UHTXLUHG LQWHQVLW\ZKLOHPDLQWDLQLQJUHOLDELOLW\GXUDELOLW\ UHSDUDELOLW\DQGPDLQWDLQDELOLW\7R
HQVXUHWKHDERYHIXQFWLRQVLWLVQHFHVVDU\WRNQRZWKHVWDWHRIWKHEULGJHVWUXFWXUHDQGUHDFWWRWKHVHFKDQJHV
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%ULGJHVWUXFWXUHVRQ&]HFKURDGZD\VDQGGHWHUPLQLQJWKHLUVWDWH
7KHGLIIHUHQFHEHWZHHQDEDGURDGDQGDEDGEULGJHLVWKDWRQDEDGURDGZLWKORZULVNPRGHUQKHDY\YHKLFOHV
FDQSDVVEXWRQDVWDWLFDOO\EDGEULGJHWKLVLVQRWWKHFDVH7KHLPSRUWDQFHRIEULGJHVWRHQVXUHWKHIXOORSHUDWLRQRQ
WKHURDGVRIDOOFDWHJRULHVLVLQGLVSXWDEOHRQEDODQFHRIWKHVWDWHEULGJHVLQWKH&]HFK5HSXEOLFLWLVWREHQRWHGWKDW
RI URDGEULGJHVZHUHEXLOW LQ WKH ODVW FHQWXU\DQGFHQWXU\EHIRUH6WUXFWXUDO VWDWHRI WKHEULGJH VLJQLILFDQWO\
DIIHFWV WKH VWUXFWXUDO DQDO\VLV RI LQGLYLGXDO HOHPHQWV RI WKH EULGJH DQG WKH FDSDFLW\ RI EULGJHV DQG REMHFWLYH
NQRZOHGJHRIWKHVWUXFWXUDOFRQGLWLRQRIWKHEULGJHVWUXFWXUHLVYLWDOIRUGHWHUPLQLQJWKHFXUUHQWFDUU\LQJFDSDFLW\RI
WKHEULGJH
7KHVWUXFWXUDOVWDWHRIWKHEULGJHLVGHWHUPLQHGE\LQVSHFWLRQRIWKHEULGJHVWUXFWXUHLQFRPSOLDQFHZLWKWKHQRUPV
&61,QVSHFWLRQRIURDGEULGJHVý61VWDQGDUGL]LQJWKHSURFHGXUHVIRUFRQGXFWLQJLQVSHFWLRQV
WKH0LQLVWU\RI7UDQVSRUWDQG&RPPXQLFDWLRQV³0HWKRGLFDOJXLGHOLQHDXWKRUL]DWLRQWRSHUIRUPLQVSHFWLRQVRIURDG
EULGJHV´$FFRUGLQJ WR WKHVHJXLGHOLQHVDOOSHUVRQVDXWKRUL]HG WRSHUIRUPLQVSHFWLRQVRI URDGEULGJHVPXVWSURYH
WKDW WKH\KDYH WKHDSSURSULDWH WUDLQLQJH[SHUWLVHDQGHTXLSPHQW WRSHUIRUPWKH LQVSHFWLRQ7KLVPHDQV WKDWHYHU\
LQVSHFWRUPXVWDSSHDULQIURQWRIWKHFRPPLWWHHRI0LQLVWU\RI7UDQVSRUWDQG&RPPXQLFDWLRQV±'HSDUWPHQWURDG
DQGSURYHWKDW
x WKH\KDYHFRPSOHWHGDSSURSULDWHWUDLQLQJ
x WKH\KDYHVXIILFLHQWSUDFWLFH±H[SHUWLVH
x SURYLGHDOLVWRIWKHLURZQHTXLSPHQWIRULQVSHFWLRQ
%\ WKHHQGRIH[SHUWVKDG WKHDXWKRUL]DWLRQ WRSHUIRUP LQVSHFWLRQVRIEULGJH VWUXFWXUHV LQ WKH&]HFK
5HSXEOLF
%XLOGLQJ VWUXFWXUHV GXULQJ WKHLU H[LVWHQFH DUH H[SRVHG WR YDULRXV LPSDFWV RI VWUHVV 7KHVH DUH DWWULEXWHG WR
GLIIHUHQWZD\VRIH[WHUQDOORDGVEXWDUHDOVRDIIHFWHGE\FKDQJHVLQWKHSURSHUWLHVRIWKHEXLOGLQJPDWHULDOVRUWKH
RYHUUDWHGSHUIRUPDQFHV RI WKH SURSRVHG ORDGEHDULQJ VWUXFWXUHV7KHGHYHORSPHQW RI QHZEXLOGLQJPDWHULDOV DQG
FRQVWUXFWLRQV\VWHPVDOVRLQFUHDVHVWKHSRVVLELOLW\RIDYDULHW\RIQHZGHIHFWVDQGIDXOWVLQWKHVWUXFWXUH)DXOWVDQG
GHIHFWVFDQRFFXULQDOOW\SHVRIEULGJHVWUXFWXUHVUHJDUGOHVVRIDJHWKHLULQWHQVLW\H[SORLWDWLRQXWLOL]DWLRQDQGW\SH
RIPDWHULDO 7KH EULGJH VWUXFWXUHPD\ DOVR KDYH KLGGHQ GHIHFWV WKDW FDQ EH SUHY GXH WR KLGGHQ GHIHFWV RU RWKHU
XQGHUO\LQJ FDXVHV 7KHLU RFFXUUHQFH LV SUREDEO\ GXH WR LQ QDWXUH DQG FDQ EH SDUW RI WKHLU SRVVLEOH RFFXUUHQFH
LQIHUUHGIURPREYLRXVGHIHFWV7KHEULGJHVWUXFWXUHPD\DOVRLQFOXGHDIDXOWZLWKRXWDIIHFWLQJWKHUHOLDELOLW\RIWKH
EULGJH7KHVHIDXOWVDUHJUDGHGDVORZHVWGHJUHHRIVHYHULW\DQGDUHUHIHUUHGWRDVVHFRQGDU\RULUUHOHYDQW
5HOLDELOLW\V\VWHPRIEULGJHV
7KHIDLOXUHRIWKHEULGJHVWUXFWXUHRFFXUVIRUYDULRXVUHDVRQVZKHQWKHEDODQFHEHWZHHQWKHFDUU\LQJFDSDFLW\DQG
WKH HIIHFWV LQGXFHGE\ ORDG DUH GLVUXSWHG7KLV FRXOG EH DV D UHVXOW RI WZR UHDVRQV WKH FDUU\LQJ FDSDFLW\ RI DQ\
HOHPHQWRIWKHEULGJHVWUXFWXUHLVVPDOOHUWKDQWKHHIIHFWVRIORDGRUWKHORDGHIIHFWVDUHJUHDWHUWKDQH[SHFWHGVWDWLF
FDOFXODWLRQV
7KHUHOLDELOLW\V\VWHPRIEULGJHVDFFRUGLQJWRWKHWKHRU\RIOLPLWVWDWHVKDVDFOHDUO\GHILQHGSXUSRVHEXWLWV
GHWHUPLQDWLRQLVGLIILFXOWHVSHFLDOO\LQWHUPVRIDVVHVVLQJWKHGXUDELOLW\RIWKHEULGJHVWUXFWXUHV7KHFRPSOH[LW\
LVPDLQO\LQWHUPVRIDFWLRQRIWKHEULGJHVWUXFWXUHDVUHOLDELOLW\V\VWHPEHFDXVHWKH\JHQHUDOO\ODFNLQIRUPDWLRQ
DERXW WKH YDULDEOHV UDQGRPYDULDEOHV VXFK DV GDWD ORDGLQJ WKH HQYLURQPHQW WKH DFWXDO FURVVVHFWLRQDO YDOXHV
YDOXHV VKDSHGGHVLJQ DQGPDWHULDO FKDUDFWHULVWLFV ,W LVRIWHQYHU\XQFOHDUEHKDYLRXURI WKH VWUXFWXUH DWYDULRXV
VWDJHV DQG OHYHOV RI VWUHVV DQG WKH KLVWRU\ RI WKH FRQVWUXFWLRQ RU GDWD RI WKH KLVWRULFDO UHFRQVWUXFWLRQ DQG
PDLQWHQDQFH RI WKH EULGJH 'HWHUPLQLQJ WKH UHOLDELOLW\ RI WKH EULGJH LV D SURFHVV ZKLFK LQYROYHV D ORW RI
FRPSOLFDWLRQVDQGLWLVDOVRDIIHFWHGE\WKHMXGJHPHQWRIWKHGHJUHHRIUHOLDELOLW\RIWKHEULGJHVWUXFWXUH,IWKHUH
DUH QR GHWDLOV RQ WKH WHFKQLFDO FRQGLWLRQ RI WKH EULGJH DQG WKH DFWXDO ORDG RQ WKH EULGJH VWUXFWXUH DQG WKHLU
KLVWRU\WKHLQIOXHQFHRIWKHHQYLURQPHQWFDQQRWEHDFFXUDWHDQGGHWDLOHGFDOFXODWLRQWRFDSWXUHWKHUHDOUHOLDELOLW\
RIWKHEULGJHVWUXFWXUH
*HQHUDOWKHRU\RIUHOLDELOLW\ZRUNVZLWKV\VWHPVWKDWDUHFRPSRVHGRIGLIIHUHQWHOHPHQWVPXWXDOO\DUUDQJHG)RU
WKHEULGJHVWUXFWXUHFDQEHGHWHUPLQHGE\WKUHHEDVLFFRPSRQHQWV
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x 5HOLDELOLW\VXEV\VWHPGHVLJQ
x 5HOLDELOLW\VXEV\VWHPORDG
x 5HOLDELOLW\VXEV\VWHPHQYLURQPHQW
)LQGLQJV RI WKH WHFKQLFDO FRQGLWLRQ RI WKH EULGJH VWUXFWXUH EHLQJ PDGH WR GHWHUPLQH WKH UHOLDELOLW\ RI WKH
VXEV\VWHPEULGJHFRQVWUXFWLRQ7KHVHGRFXPHQWVDUH WKHPRVWHDVLO\ LGHQWLILDEOHRQ WKHEDVLVRI LQVSHFWLRQRI WKH
EULGJH VWUXFWXUH ,Q GHWHUPLQLQJ WKH UHOLDELOLW\ V\VWHP ORDG LV EDVHG RQ WKH SUREDELOLVWLF QDWXUH RI WKH ORDG LQ
DFFRUGDQFHZLWKDSSOLFDEOHQRUPV7RGHWHUPLQHWKHUHOLDELOLW\RIWKHVXEV\VWHPHQYLURQPHQWLVDYDLODEOHHYHQOHVV
VXEVWUDWHDQGLWVGHWHUPLQDWLRQLVYHU\GLIILFXOW
([SHULPHQWDOYHULILFDWLRQRIEULGJHFRQVWUXFWLRQSURSHUWLHV
0RQLWRULQJ WKHEHKDYLRXURI WKHEULGJHVWUXFWXUHGXULQJH[FHVVLYH ORDGFURVVLQJVSURYLGHVD UHDOSLFWXUHRI WKH
VWDWH RI WKH EULGJH VWUXFWXUH ,Q WKH IROORZLQJ SLFWXUHV W\SLFDO H[DPSOHV RI WKH EHKDYLRU RI EULGJHV DUH VKRZQ
0HDVXUHPHQWVZHUHFRQGXFWHGE\WKHDXWKRU¶VFRQWULEXWLRQ



)LJ([DPSOHRID³VRIW´WUDQVYHUVHQRQULJLGVWUXFWXUH±LHWUDQYHUVHSUHVWUHVVQRQIXQFWLRQDO
7KH FRQVWUXFWLRQ ³9/2ââ$.´ RQ WKH GHVFULEHG EULGJH XUJHQWO\ UHTXLUHV UHQRYDWLRQ HVSHFLDOO\ EHFDXVH WKH
YDULRXVSUHIDEULFDWHGHOHPHQWVRSHUDWH LQGHSHQGHQWO\7KHGLIIHUHQFHVLQGHIOHFWLRQRI WKHIODQJHVLQ WKHWKLUGDQG
IRXUWKEHDPLVPPWKLVGHIRUPDWLRQRFFXUVLQWKHMRLQWVEHWZHHQWKHEHDPV
7KH UHFRUGLQJ RI H[FHVVLYH ORDG FURVVLQJ WKH EULGJH  EHIRUH+URFKRYêP 7êQFHP VKRZV WKH VXIILFLHQW
ULJLGLW\RIWKHEULGJHVWUXFWXUH7DEOH)LJ
2QEULGJHVRIDVPDOOVSDQ)LJHDFKD[LVFURVVLQJRIWKHFDUJRRQWKHYDXOWHGEULGJHEHIRUH&RORJQH
VSDQPHWHUVFDQEHPRQLWRUHG
398   Věroslav Kaplan and Martin Školoud /  Procedia Engineering  134 ( 2016 )  394 – 401 
7DEOH,QYHVWLJDWLRQRI%ULGJH1R
 ,QWKHPLGGOH /HIWVLGH 5LJKWVLGH
PD[LPXPGHIOHFWLRQRIWKHEHDPLQPP   
UHODWLYHGHIOHFWLRQ   
UHVLGXDOGHIRUPDWLRQDIWHUFDUJRH[LW   
]E\WNRYiGHIRUPDFHSRVMH]GXVRXSUDY\   
DYHUDJHFURVVLQJVSHHG  NPKRG  


)LJ([DPSOHRIDODWHUDOO\ULJLGEULGJHFRQVWUXFWLRQWRQVFDUJR

)LJ([DPSOHRIDYHU\ULJLGFRQVWUXFWLRQEULGJHWRQVFDUJR
)DXOWVRIEULGJHVWUXFWXUHV
)DXOWVRQEULGJHVWUXFWXUHVPD\EHGLYLGHGLQWRWKHIROORZLQJSKDVHVEDVHGRQZKHQWKH\DSSHDUHG
x )DXOWVRFFXUULQJLQSUHSURGXFWLRQSHULRG
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x )DXOWVFDXVHGGXULQJSURGXFWLRQ
x )DXOWVLQGXFHGGXULQJRSHUDWLRQ
x )DXOWVFDXVHGE\HQYLURQPHQWDOHIIHFWV
x )DXOWVFDXVHGGXHWRZHDUDQGWHDURIFRQVWUXFWLRQPDWHULDOV
)DXOWVDUHIUHTXHQWO\FODVVLILHGE\XVLQJPDQ\FULWHULD7KHPRVWFRPPRQFODVVLILFDWLRQEULGJHVWUXFWXUHIDXOWVDUH
GLYLGHGDFFRUGLQJWRWKHLUVHYHULW\WKHVSHFLILFFULWHULRQLVJURXSLQJIDXOWVE\WKHLUFKDUDFWHULQFUHDVHGGHIOHFWLRQ
EXFNOLQJ HWF WKH UHODWLYH PRYHPHQW RI LQGLYLGXDO SDUWV RI WKH EULGJH FUDFNV LQ ORDGEHDULQJ DQG QRQEHDULQJ
VWUXFWXUHV FUXVKLQJ RI EXLOGLQJPDWHULDO RU FRUURVLRQ FRQVWUXFWLRQ RU LW¶V SDUWV GXH WR PRLVWXUH OHDNLQJ LQWR WKH
FRQVWUXFWLRQRUEHKLQGLWOHDFKLQJRIEXLOGLQJPDWHULDOVWKHIRUPDWLRQRIVWDODFWLWHVHWF
:KHQGHWHUPLQLQJ WKH WHFKQLFDOVWDWHRI WKHEULGJHVWUXFWXUH WKHZKROHFRPSOH[RIGHIHFWVDUHVSHFLILHGZKLFK
KDYHFHUWDLQ IHDWXUHV LQFRPPRQ7\SLFDOGHIHFWVRFFXURQDVSHFLILF W\SHRIEULGJHFRQVWUXFWLRQ WKHIRXQGDWLRQ
VXSSRUWVDQGSURSVVWUXFWXUHEHDULQJVUDLOVURDGVHWF7KHIROORZLQJDUHW\SLFDOGHIHFWVERXQGWRDSDUWLFXODUNLQG
RIEXLOGLQJPDWHULDOVRLOVWRQHFRQFUHWHUHLQIRUFHGFRQFUHWHSUHVWUHVVHGFRQFUHWHVWUXFWXUDOVWHHOZRRGPDVRQU\
ELQGHUVHWFRIZKLFKWKHEULGJHVWUXFWXUHLVFRQVWUXFWHG
&ODVVLILHGDFFRUGLQJWRFRQVWUXFWLRQSDUWFRUUHVSRQGLQJWRWKHGHVFULSWLRQRIGHIHFWVDQGIDXOWVGXULQJLQVSHFWLRQ
RIEULGJHVWUXFWXUHVLQDFFRUGDQFHZLWKý61,QVSHFWLRQRI5RDG%ULGJHV
7KHQDWXUHRIHDFKGHIHFWFDQEHLGHQWLILHGZKLFKPD\LQYROYHYDULRXVSDUDPHWHUV7KHVHSDUDPHWHUVFDQEHXVHG
WRHVWDEOLVKFKDUDFWHULVWLFVWKDWPDNHXSWKHEDVLFVSHFLILFDWLRQGHIHFWV'HSHQGLQJRQZKLFKHQDEOHVWKHGHFUHDVHRU
HOLPLQDWLRQRIWKHEULGJHFRQVWUXFWLRQGHIHFWGHWHUPLQHGE\IRXUFKDUDFWHULVWLFVRIVHULRXVQHVV
x ORDGFDSDFLW\
x XVDELOLW\
x GXUDELOLW\
x VXLWDELOLW\
Load capacity± UHSUHVHQWV WKHPRVW LPSRUWDQW IHDWXUHRI WKHEULGJHVWUXFWXUH ý61ý61DQG
ý61:KHQSHUIRUPLQJEULGJHVWUXFWXUHLQVSHFWLRQLWGHWHUPLQHVWKHFODVVLILFDWLRQOHYHORIWKHVWDWHRIWKH
EULGJHVWUXFWXUHWRWDOJUDGHV
Usability±UHSUHVHQWVRWKHUSURSHUWLHVRIWKHEULGJHVWUXFWXUHWRSHUIRUPLWVIXQFWLRQ,QSDUWLFXODULWVHOLJLELOLW\
IRUVDIHW\8VDELOLW\LVGHILQHGE\WKHJUDGHRIXVDELOLW\DWRWDORIJUDGHV
Durability±LVDFKDUDFWHULVWLFZKRVHSDUDPHWHULVWKHOHQJWKRIWLPHWKHGHIHFWKDVKDGDQLPSDFWRQWKHWHFKQLFDOVWDWH
RIWKHEULGJHUHGXFLQJORDGDQGXVDELOLW\7KHGHJUHHRIUHOLDELOLW\RIWKHEULGJHVWUXFWXUHLQWHUPVRIGXUDELOLW\LVQRW
GHWHUPLQHGVHSDUDWHO\LWJHQHUDOO\LQFOXGHGLQGHWHUPLQLQJWKHFODVVLILFDWLRQFDSDFLW\RUWKHGHJUHHRIXVDELOLW\
SuitabilityLVXVXDOO\FKDUDFWHUL]HGE\ZKHWKHUWKHEULGJHVWUXFWXUHLVVWLOOFDSDEOHRIVDIHO\VXSSRUWLQJWKHGHVLUHG
LQWHQVLW\RIWUDIILFORDG
2WKHUFKDUDFWHULVWLFVRIGHIHFWVWREHFRQVLGHUHGDUHWKHUDWHDQGH[WHQWRIWKHGHIHFW
The degree of defectLVWKHDSSURSULDWHWKHEHVWPHDVXUDEOHSK\VLFDORUFKHPLFDOTXDQWLW\HJWKHFUDFNZLGWK
WKLFNQHVVRIVXUIDFHFRYHUUHLQIRUFHGZLWKFRQFUHWHWKHDPRXQWRIFKORULGHVVSHFLI\LQJWKHGHIHFW$JHQHUDOYDOXH
FDQEH XVHG HJ WKH GHJUHH RI FRUURVLRQ EXW WR GHWHUPLQH LWV GHJUHH VHSDUDWH VFDOH KDV WR EH HVWDEOLVKHG7KH
RSHUDWLQJFKDUDFWHULVWLFVFRXOGEHDSSOLHG WRZKLFK WKHVL]HRI WKHGHIHFWFDQEHUHODWHGRU WKDWZKLFKUHGXFHV WKH
GHIHFW7KHSURJUHVVVFDOHRIFDQEHXVHGWRGHWHUPLQHWKHVHULRXVQHVVRIWKHGHIHFWHJWKHLQLWLDODGYDQFHGYHU\
DGYDQFHGRUW\SLFDOVSHFLILF
The extent of the defectLVDEULHIVFDOHRIPDUNLQJVEDVHGRQWKHRFFXUUHQFHRIWKHSDUWLFXODUGHIHFWRQWKHVWUXFWXUDO
HOHPHQWRUHOHPHQWVRIWKHHQWLUHEULGJHVWUXFWXUH
$VWKHODVWWZRFKDUDFWHULVWLFVRIGHIHFWVWZRZHUHFKRVHQWKDWEULHIO\FKDUDFWHUL]HWKHVWDWHRIGHIHFWVFRQFHUQLQJ
XUJHQF\RIHOLPLQDWLRQDQGPHDVXUHVQHFHVVDU\IRUWKHLUHOLPLQDWLRQ
The urgency of eliminating defectsLGHQWLILHVDQGGHWHUPLQHVWKHWLPHIRUUHSDLUHOLPLQDWLRQRIGHIHFWVWRDYRLG
IXUWKHUGDPDJHRIWKHRYHUDOOVWDWHRIWKHEULGJHVWUXFWXUH
Measures to be takenZKHQDGHIHFWRFFXUVDUHLQGLFDWHGLQWKHUHTXLUHGVXEVHTXHQWPDLQWHQDQFHSURFHGXUHVRU
UHSDLUVRI WKHEULGJHZKLFKVWRSV WKHGHYHORSPHQWRIGHIHFWV VRDVQRW WR IXUWKHUGDPDJH WKHRYHUDOO VWDWHRI WKH
EULGJHVWUXFWXUH7KLVPD\GHWHUPLQHWKDWWKHGHIHFWFDQEHHOLPLQDWHGRQO\E\UHSDLURUUHFRQVWUXFWLRQRUWKDWWKH
GHIHFWFDQQRWEHUHSDLUHGDWDOOLQZKLFKFDVHWKHEULGJHZLOOKDYHWREHUHSODFHG
,WLVQRWDQHDV\WDVNWRGHWHUPLQHWKHFDXVHRIWKHGHIHFWDVPRUHIDFWRUVKDYHDQLPSDFWRQLW
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&ODVVLILFDWLRQDQGGHVFULSWLRQRIGHIHFWV DFFRUGLQJ WR FRQVWUXFWLRQSDUWVZKLFK LV LQ DFFRUGDQFHZLWKý61
3URKOtGN\PRVWĤSRS]HPQtFKNRPXQLNDFtPD\EHVXSSOHPHQWHGE\D MXVWLILHGFDXVHRIGHIHFWV7KHPRVW
FRPPRQ W\SH RI GHIHFWV RQ WKH EULGJH VWUXFWXUH DUH GHIHFWV ZKLFK DUH ORFDOL]HG WR D VSHFLILF SDUW RI WKH EULGJH
VWUXFWXUH
Defects of foundations and foundation abutmens and supports the bridge structure$GLVWLQFWLYH IHDWXUHRI
WKHVHGHIHFWV LV WKHXQHYHQVXEVLGHQFHRU URWDWHGVXSSRUWV DEXWPHQWV7KHFDXVHPD\EH LPSURSHUGHVLJQRU WKH
LPSOHPHQWHG IRXQGDWLRQ VXSSRUW VXSSRUWV 7\SLFDO SURRI LV WKH URWDWLRQ RU XQHYHQ VHWWOHPHQW VXSSRUW WKH
IRUPDWLRQRIFUDFNVLQWKHORDGEHDULQJRUWKHORDGEHDULQJZLQJ
Defects caused by incorrectly setting the load spread on the load on abutment $ GLVWLQFWLYH IHDWXUH LV WKH
RYHUORDGLQJRIVRPHRIWKHHOHPHQWVVXSSRUWLQJWKHEULGJHVWUXFWXUHDQGWKHIRUPDWLRQRIEHQGLQJDQGVKHDUFUDFNV
LQWKHRYHUORDGHGHOHPHQWDQGLWVVXUURXQGLQJV
Defects of the bearing structure of the bridge.1DWXUDOGHIHFWVRIVXSSRUWLQJVWUXFWXUHVRIWKHEULGJHDUHIRUPHG
E\ZHDU DQG WHDURIPDWHULDO XVHG7KHTXDOLW\RIPDWHULDOV XVHG V\VWHPRIPDLQWHQDQFH DQG WKHHQYLURQPHQW LQ
ZKLFKWKHVWUXFWXUHLVEXLOWDOODFFRXQWIRUWKHIUHTXHQF\RIWKHGHIHFW)XUWKHUPRUHWKHLUIRUPDWLRQLVLQIOXHQFHGE\
LPSURSHU GHVLJQ VROXWLRQ RU LWV GHWDLOV PHWKRG DQG TXDOLW\ RI LPSOHPHQWDWLRQ RI WKH VXSSRUWLQJ VWUXFWXUH
WHFKQRORJLFDOGLVFLSOLQHGXULQJFRQVWUXFWLRQ
Insulation malfunctions and defects on the road surface.8QHYHQQHVVRIURDGVXUIDFHRQWKHEULGJHFKDQJHVWKH
DQWLFLSDWHGVWUHVVHVORDGRQWKHVXSSRUWLQJVWUXFWXUHRIWKHEULGJHDQGWKHZRUNLQJORDGLVRIWHQRIJUHDWHULQWHQVLW\
WKDQWKHHVWLPDWHGORDG,QVXODWLRQPDOIXQFWLRQRIWKHEHDULQJVWUXFWXUHRIWKHEULGJHLQGLFDWHVDSHUFRODWLQJEULGJH
VWUXFWXUH7KHIUHTXHQF\RIGHIHFWLQGLFDWHVWKHH[WHQWRIZHDUDQGWHDURILQVXODWLRQ
Defects caused by winter maintenance technologies.:LQWHUPDLQWHQDQFH LQ WKH&]HFK5HSXEOLF LV SULPDULO\
DFKLHYHGE\VSUHDGLQJVDOWRUVSUD\LQJEULQHRQWRURDGV&RQFUHWHLVQRWDEOHWRUHVLVWWKHDJJUHVVLYHVDOW\VROXWLRQ
ZKLFKOHDGVWR LWVGHJUDGDWLRQUHVSHFWLYHO\GHFD\'HIHFWVFDXVHGE\LQDGHTXDWHSURWHFWLRQDJDLQVWFRUURVLRQ,W LV
RQHRIWKHPRVWFRPPRQIDLOXUHVLQFRQFUHWHEULGJHVWUXFWXUHVDVFRQFUHWHVWUXFWXUHVLQSDUWLFXODUKDYHLQDGHTXDWH
FRYHUOD\HUZKLFKDOORZVDFFHVVRIDJJUHVVLYHFRUURVLYHDJHQWVLQWRWKHUHLQIRUFHPHQWEDU
Defects on bridge fittings 7KLV LV DQ RIWHQ XQGHUUDWHG GHIHFW ZKLFK KRZHYHU FDQ KDYH YHU\ VHULRXV
FRQVHTXHQFHVZKHQLWFRPHVWRWKHSURSHUIXQFWLRQRIWKHVXSSRUWLQJVWUXFWXUHRIWKHEULGJH%HDULQJIDLOXUHFDQEH
FDXVHGE\DIDXOWLQWKHEHDULQJPDWHULDOLWLVLQFRUUHFWILWWLQJLPSURSHURULQDGHTXDWHIXQFWLRQRIEHDULQJVHWF$VD
UHVXOWWKLVW\SHRIIDXOWFDQFDXVHH[FHVVLYHGHIRUPDWLRQWRWKHVWUXFWXUHRIWKHEULGJHWKHFUDFNVLQWKHVXSSRUWLQJ
VWUXFWXUH RI WKH EULGJH EORFNLQJ WKH H[SDQVLRQ PRYHPHQW ZLWK WKH SRVVLELOLW\ RI DWURSK\ RI WKH VWDWLF VFKHPH
VXSSRUWLQJVWUXFWXUHWKHORVVRIORDGFDSDFLW\RIWKHVWUXFWXUHLQFHUWDLQSODFHV
Defects caused by lack of inspection and bridge maintenance.$ODUJHJURXSRIGHIHFWVFDQEHLQFRUSRUDWHGLQ
WKLV JURXS RI GHIHFWV /DFN RI LQVSHFWLRQ RI WKH VWDWH RI WKH EULGJH DQG QHJOHFWHG PDLQWHQDQFH FDQ OHDG WR DQ
DFFHOHUDWHGGHYHORSPHQWRIDOOW\SHVRIGHIHFWVPDOIXQFWLRQVGHVFULEHGDERYH
$QRWKHUJURXSRIGHIHFWVDIIHFWLQJWKHFDUU\LQJFDSDFLW\RI WKHEULGJHVWUXFWXUHDUHbridge faults%ULGJHIDXOWV
OHDG WR WKH FORVXUH RI EULGJHV XQWLO WKH FRQVHTXHQFHV DUH HOLPLQDWHG $IWHU UHSDLUV DUH FRPSOHWHG UHKDELOLWDWHG
DFFLGHQWLQWKHRU\VKRXOGQRWDIIHFWWKHGXUDELOLW\DQGXVDELOLW\RIEULGJHV
Break downs of bridge structures due to their foundation.7KLV W\SHRIIDXOWRFFXUVDIWHUVHOHFWLQJWKHZURQJ
IRXQGDWLRQIRU WKHEULGJHVWUXFWXUHGLIIHUHQWVWUHVVEDVHVGXULQJFRQVWUXFWLRQRU LQ WKHILQDOVWDJHVRIFRQVWUXFWLRQ
LPSURSHU LPSOHPHQWDWLRQRIWKHIRXQGDWLRQRI WKHEULGJH5HFWLI\LQJWKLVIDXOWXVXDOO\ OHDGVWRFKDQJHVLQ W\SHRI
IRXQGDWLRQ
Faults oh formwork, supporting structures etc.,WLVDIDXOWFDXVHGE\LPSURSHUGHVLJQRIVXSSRUWVWUXFWXUHVIRU
WKHFRQVWUXFWLRQRUFDXVHGE\QRWDGKHULQJWRWKHSUHVFULEHGWHFKQRORJLFDOSURFHVVRIFRQVWUXFWLRQ
Break downs during assembly and other construction procedures.7KH\RFFXUGXULQJKDQGOLQJLQSURGXFWLRQRI
WKHEULGJHVWUXFWXUHVXVSHQVLRQVRYHUORDGLQJRIWKHVXVSHQVLRQVWUXFWXUHEHIRUHILQDOLQVHUWLRQLQWRWKHFRQVWUXFWLRQ
RIWKHEULGJH
'XULQJWKHH[SORLWDWLRQRIWKHEULGJHWKHUHODWHO\YHU\RIWHQGDPDJHVDUHFDXVHGGXULQJWKHGHYHORSPHQWRIWKH
EULGJH 'DPDJH FDQ EH FDXVHG E\ LPSDFW E\ ORDGLQJ YHKLFOHV ILUH RYHUORDG QDWXUDO GLVDVWHUV UHVSHFWLYHO\
'DPDJHVXQNQRZQDWWKHWLPHRIGHVLJQDQGFRQVWUXFWLRQ
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Damaged due to impact of vehicles6KRXOG WKHUHEHDFUDVKRIDYHKLFOHRUFUDIWXQGHU WKHEULGJH WKLVKDVD
VHULRXV LPSDFWRQ WKHVXSSRUWLQJVWUXFWXUH'HSHQGLQJRQWKHVL]HRI LPSDFWGDPDJHFDQRFFXU LQSODFHVRUFDXVH
WRWDOGHVWUXFWLRQ
Damage to the bridge due to fire.(DUOLHURQWKLVW\SHRIGDPDJHZDVUDUHEXWLQUHFHQW\HDUVWKHUHKDYHEHHQ
GDPDJHVWRWKHIRXUWKVHFWLRQIO\RYHULQ&HVND/LSDDQGWKHVHFRQGDUFKEULGJHRYHU'RXEUDYXLQ.RE\OQLFH,QERWK
FDVHVLWZDVILUH±VWDUWHGE\WKHKRPHOHVV)DXOWVLQWKHEULGJHVWUXFWXUHDUHIRUPHGQRWRQO\E\WKHKHDWEXWDOVRE\WKH
LQDSSURSULDWHPHWKRGVXVHGE\ILUHILJKWHUV±UDSLGFRROLQJRIWKHVXSSRUWLQJVWUXFWXUHVRIEULGJHV
Damage to the bridge due to overload%ULGJHRYHUORDGRFFXUVLQWZRZD\V7KHILUVWLVWKHLQFUHDVLQJLQWHQVLW\
RI WKH ORDGFRPSDUHG WR WKH LQLWLDOGHVLJQ ORDG LWRFFXUVPRVWO\RQROGHUEULGJHV ,WVFRQVHTXHQFHVDUHYLVLEOH LQ
PDQ\EULGJHV LQ WKH URDGQHWZRUNRI WKH&]HFK5HSXEOLF7KHVHFRQGFDVH LVRYHUORDGLQJ WKHEULGJHVWUXFWXUHE\
LUUHVSRQVLEOHDQGXQGLVFLSOLQHGGULYHUVZKRLJQRUHWUDIILFVLJQV
Damage to the bridge due to water flow.7KLVW\SHRIGDPDJHLVFRPPRQGXULQJIORRGV%DVHGRQWKHH[WHQWRI
GDPDJHWKHEULGJHVWUXFWXUHVPXVWEHFRPSOHWHO\UHSODFHGRUWKHGDPDJHFRXOGUHDSSHDU
Damage to the bridge by explosion, respectively seismic impacts.'DPDJH E\ H[SORVLRQ FDQ RFFXU E\ FDUJR
H[SORVLRQE\WKHH[SORVLRQRIWKHJDVSLSHOLQHFRQGXFWHGRQWKHEULGJHVWUXFWXUHVDERWDJHRUWHUURULVWDFW7KURXJK
6HLVPLF LPSDFWV GDPDJH PD\ RFFXU GXH WR HDUWKTXDNH RU VHLVPLF HIIHFWV RI D VWURQJ H[SORVLRQ 7KH H[WHQW RI
GDPDJHFDQQRWEHJHQHUDOL]HG
Damage to the bridge structure by influences that were unknown during the construction of the bridge.7KH
OLIHRIEULGJHFRQVWUXFWLRQJHQHUDOO\H[FHHGV\HDUV'XULQJWKHH[SORLWDWLRQRIEULGJHWKHFRQVWUXFWLRQFRXOGJR
WKURXJK VXFK FKDQJHV WKDW FRXOGQHYHUKDYHEHHQ DQWLFLSDWHGGXULQJGHVLJQ DQG FRQVWUXFWLRQ:KHQ WKLVKDSSHQV
HDFKRIWKHVHFKDQJHVPXVWEHHOLPLQDWHG6\NRUDHWDOD6\NRUDHWDOE
&RQFOXVLRQV
$V D UHVXOW RI LQVXIILFLHQW IXQGV IRU LQYHVWPHQWV DQG UHIXUELVKPHQW RI WUDQVSRUW LQIUDVWUXFWXUH IDFLOLWLHV WKH
PDLQWHQDQFHRIWKHFXUUHQWFRQVWUXFWLRQEHFRPHVPHDQLQJIXO
)RUHQVXULQJWKHUHOLDELOLW\RIEULGJHFRQVWUXFWLRQVLWLVLPSRUWDQWWRLGHQWLI\WKHIDXOWRQWKHEULGJHFRQVWUXFWLRQ
LQWLPHLGHQWLI\LQJDQGSURSRVLQJWKHULJKWPHWKRG
7KHVRRQHUWKHIDXOWLVHOLPLQDWHGWKHKLJKHUDUHWKHFKDQFHVRIPDLQWDLQLQJWKHLUORDGDQGH[WHQGLQJWKHOLIHRI
WKHEULGJH
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